Introduction
Economically important cultivated Allium species are garlic (Allium sativum), leek 91 Six samples (13-01 to 13-06) of shallot (Allium cepa L. var. aggregatum) were 92 collected in West France in 2013 and analyzed by high-throughput sequencing (HTS). 93 Two of these samples were from asymptomatic plants while the other four showed 94 symptoms of the novel SMYS disease. In addition to these samples analyzed by HTS, 95 a total of 351 symptomatic or asymptomatic shallot samples was collected over a four- 96 year period (2014 to 2017) and screened for the presence of OYDV, LYSV and for the 97 novel viruses detected in the present study. The symptoms observed on these plants 98 were recorded using a 0 to 3 notation scale for both leaf striping and loss of vigor. The 99 "0" score is defined as no symptom, the "3" score is defined as a symptomatology 100 equivalent to that observed on control plants infected by OYDV. The "1" and "2" scores 101 are used for symptoms of intermediate intensity. Double-stranded RNAs (dsRNAs) were purified from the two asymptomatic 106 plant samples (13-01 and 13-02) and the four symptomatic ones (13-03 to 13-06), 107 following the protocol previously described [5] . After reverse transcription and random 108 amplification, the obtained cDNAs were used for the preparation of libraries and After quality trimming and demultiplexing steps [6] , reads were assembled into contigs 111 which were annotated by BlastN and BlastX comparisons [7] against the GenBank 112 database using CLC Genomics Workbench 8. When needed, contigs corresponding to particular agents were further extended by several rounds of mapping of 114 unassembled reads and/or assembled manually into scaffolds by alignment against 115 reference viral genomes identified during the Blast analyses. Total nucleic acids were extracted from shallot samples and from the test plants 120 of the host range experiments using the silica-capture procedure 2 described by [8] . 121 The viruses were detected by two-step RT-PCR assays, following the procedure 122 already described [9] and using specific primers (Table S1 ). The amplified fragments 123 were visualized on non-denaturing 1% agarose gels and, if needed, submitted to direct 124 Sanger sequencing on both strands (GATC Biotech, Mulhouse, France). (Table S1) following the kit supplier's 132 recommendations (Takara Bio Europe/Clontech, Saint Germain-en-Laye, France).
133
The 3' ends were amplified using forward internal and polyA-anchored LD primers 134 (Table S1) as described [10] . Internal gaps and regions of low coverage were 135 determined or confirmed by direct sequencing of RT-PCR fragments obtained using 136 internal primers designed from the contigs (Table S1 ). All amplified fragments were visualized on non-denaturing agarose gels and directly sequenced on both strands by 138 Sanger sequencing (GATC Biotech). Phylogenetic and molecular evolutionary analyses were conducted using 143 MEGA version 6 [11] . Multiple alignments of nucleotide or amino acid sequences were 144 performed using the ClustalW program [12] comparisons of the contigs obtained with the GenBank database showed that all 186 sources but one (13-01) were infected by more than one viral species ( showing at most 74% of nt identity with leek yellow stripe virus (LYSV, genus Potyvirus, 205 family Potyviridae) were detected, leading to the hypothesis of the presence of a novel 206 potyvirus.
207
In the end, the complete genomic sequences of seven viral isolates were 208 obtained ( Table 1) 
Genomic organization and phylogenetic relationships of the novel potyvirus
The potyviral genome determined from sample 13-06 is 10,540 nt excluding the poly (A) tail and encodes a polyprotein of 3,210 amino acids (aa) (Fig 2A) . The 5' non coding region (NCR) is 159 nt long, whereas the 3' NCR is 751 nt long, which is significantly longer than for most potyviruses [13] . Based on the conserved cleavage sites in the polyprotein sequence [14] , the ten typical mature potyviral proteins could In order to determine the taxonomic relationships of this virus, a phylogenetic tree was reconstructed using the genomic sequences of representative members of the family Potyviridae (from P3 to CP genes, corresponding to the RNA1 of bymoviruses, Fig 3A) . Sequence comparisons were then performed with the polyprotein, the coat protein, and the NIa-Pro-NIb genomic region and corresponding proteins of members of the genus Potyvirus (Table S2 ). The accepted molecular species demarcation criteria for the family Potyviridae are less than 76% nt identity or 82% aa identity in the large ORF or its protein product [16] . By all the criteria, the detected potyvirus appears to be a distinct species, with clearly more distant identity levels with its closest fully sequenced relative, LYSV [at the best 68.8% nt identity in the large ORF (73.6% aa); (Table S2) ]. The name of shallot mild yellow stripe associated virus (SMYSaV) is therefore proposed for this novel potyvirus. (Table   S2 ), indicating that they belong to the same species. Remarkably the L28079 sequence was described in GenBank database as "shallot potyvirus (probably Onion yellow dwarf virus)" indicating that SMYSaV had been observed previously in shallot in Russia but that its originality and distinctness had not been recognized at the time.
The four symptomatic samples analyzed by HTS in the present study were all found to be infected by SMYSaV ( 
Genomic organization and phylogenetic affinities of the novel carlavirus
Widely different amounts of carlaviral reads were detected in four of the six samples analyzed by HTS (one asymptomatic and three symptomatic, Table 1 ). The Betaflexiviridae. In this and in the other two trees (not shown), it clusters together with SLV with 100% bootstrap support, making SLV its closest relative in the genus.
However, the level of identity between SLV and the novel carlavirus in replicase and coat protein genes (and deduced proteins) is clearly below the species demarcation threshold accepted for the family Betaflexiviridae (72% nt or 80% aa identities in replicase or CP genes) [18] . Indeed, it shares at the best 76.5% of aa identity in the CP with SLV (69.6% nt identity, Table S3 ), demonstrating that it represents a novel species in the genus Carlavirus, for which the name of shallot virus S (ShVS) is proposed. 
Analysis of the shallot virus X isolates identified by HTS
Six ShVX isolates were identified from four samples, three for which full genome sequences were obtained and three for which very long contigs, lacking only genome ends, were reconstructed ( Table 1) . The phylogenetic analysis based on the alignment of the complete genome sequences of Alphaflexiviridae members clearly shows that all the sequences reported here belong to the Shallot virus X species, forming a cluster supported by a high bootstrap value (Fig 4) . The phylogenetic analysis based on the CP sequences of allexivirus members and of the available ShVX isolates retrieved from GenBank confirmed this conclusion ( Fig S1) . Moreover, the sequences reported here shared between 79.9% and 97.5% of nt identity (87% to 98.9% aa identity) in the CP gene with reference isolates (data not shown), levels of identity which are within the molecular species demarcation criteria accepted for the family Alphaflexiviridae [18] . This conclusion is confirmed by similar analyses performed with polymerase sequences (data not shown). In the CP tree ( Fig S1) , four isolates (13-01 variant 1, 13-04 variant 1, 13-05, and 13-06) belong to a cluster comprising six already known ShVX isolates including the only available shallot mite-borne latent virus sequence, which should probably be considered a synonym of ShVX [19] . On the other hand, the two other isolates (13-01 and 13-04 variant 2) form a divergent cluster, away from other known ShVX isolates and from the isolates found in co-infection in the same original plants ( Fig S1) . These two isolates are very closely related (99.9% nt identity in the CP gene) and more distant from other isolates (83.5% to 85.5% nt identity, depending on the isolate considered), including the highly divergent Dindugal isolate GQ268322, 80.2% nt identity).
Analysis of the shallot latent virus isolates identified by HTS
SLV was identified in three samples. Complete genome sequences were determined from two of them (SLV 13-02 and 13-06) while for the remaining isolate (SLV 13-03), a very long contig missing only 84 nt and 34 nt at the 5' and 3' ends, respectively was obtained. The isolates analyzed here clearly cluster in the Shallot latent virus species (Fig 4) 
Host range of both novel viruses and Koch's postulates

Correlation between virus presence and the symptoms associated with the shallot mild yellow stripe disease
Despite the negative results of the Koch's postulate trials, which do not allow to conclude about a causal role of SMYSaV, the results of the HTS analyses strongly suggest its involvement in the disease, since it is the only virus that was specifically associated with the four symptomatic plants analyzed (Table 1 ). In order to try to confirm an association between SMYSaV and the SMYS disease symptoms, a correlative analysis involving a large number of plants was performed. Over a period of four years, a total of 351 shallot samples originating from the same region of France were analyzed for the presence of SMYSaV, LYSV and OYDV using specific RT-PCR assays (Table S1 ). Twenty-two samples were found to be infected by OYDV or/and LYSV, with a mean of striping score of 2.43 ± 1.03 and a mean score of 1.5 ± 1.46 for the loss of vigor. In the remaining samples, the incidence of SMYSaV was found to be quite high (27.2%) and was highly correlated with the presence of striping symptoms.
Indeed, 92.9% of the samples with stripes (score between 1 and 3) were infected by SMYSaV (78/84), whereas 95.9% of the asymptomatic samples were SMYSaV-free (235/245). The mean score of stripe symptoms for the SMYSaV-infected samples (2.39 ± 0.98) was not significantly different from that of OYDV/LYSV-infected samples (2.43 ± 1.03) ( Fig 5) , indicating that SYMSaV could have the same impact on infected plants in terms of striping severity than the two other potyviruses OYDV and LYSV. In contrast, the effect of SYMSaV infection regarding the loss of vigor is significantly lower (p = 0.0004) than that of OYDV/LYSV infection ( Fig 5) , strongly suggesting that the symptoms of the SMYSD consisting of yellow stripes on leaves and moderate loss of vigor are associated with SMYSaV.
On a smaller number of analyzed plants (45), the potential contribution of ShVS to the symptomatology was also assessed. The prevalence of this virus was found to be high in the analyzed samples (53.3%) but the infection was not correlated with symptomatology. Indeed, the same proportion of symptomatic or asymptomatic samples from the correlative study were found to be infected by ShVS (48.8% vs 50%, respectively). [20] [21] .
The diversity of SMYSaV was also analyzed, using the nucleotide sequence of a short fragment of the CP gene targeted by the RT-PCR diagnostic assay. The average pairwise nucleotide divergence was 1.4% between isolates in this region.
More interestingly, the diversity could be structured into two distinct clusters, as illustrated by the neighbor-joining tree shown in Fig S2. Beside the major group (cluster 1) which contains 91% of the isolates, an additional group (cluster 2) could be defined with high bootstrap support (99%). The intra-group average nucleotide divergence is very low (0.7% and 0.5% for clusters 1 and 2, respectively), in comparison with the inter-group average divergence (5.2%). Due to the small number of isolates in the cluster 2, no conclusion could be drawn in terms of correlation between a particular SMYSaV cluster and the severity of the induced symptoms.
Discussion
The present study was motivated by reports of a yellow stripe disease on shallot be significantly more distant from "classical" isolates, and define a new phylogenetic cluster, providing evidence for a wider diversity than previously known [24] . Similarly, three complete genome sequences (near-complete for one) of SLV were determined through this study, representing isolates from a new phylogenetic cluster and extending the known diversity range of this virus.
The novel potyvirus described here is the sole detected virus associated with the symptoms of the SMYSD. Firstly, SMYSaV was found in the four symptomatic samples and not in the asymptomatic ones, which is not the case for any of the other viruses detected. Secondly, the correlative study conducted over a four-year period showed a strong association of SMYSaV with the symptoms observed. In particular, SMYSaV infection is strongly associated with striping symptoms, with a severity comparable to those caused by OYDV and/or LYSV infection; on the other hand, the impact of SMYSaV infection in terms of loss of vigor is moderate, as reported for the SMYSD, and quite different from the more severe loss of vigor associated with OYDV and/or LYSV infection ( Fig 5) . The four symptomatic samples analyzed by HTS were infected with a complex of viruses, which is coherent with the strictly vegetative mode of propagation of shallot. Depending on the sample, various combinations of agents were found, involving SMYSaV and ShVS, ShVX and/or SLV (Table 1) . On this basis, trials to fulfill Koch's postulates were pursued involving either SMYSaV alone, ShVS alone or a complex of the four viruses found in symptomatic shallots. However, even over a long period of observation, no symptoms were observed on any of the inoculated shallot, even if most of them were found to be infected by the virus(es) they had been inoculated with. Two hypotheses can be proposed to explain the failure to observe symptoms on the inoculated plants, one is that the greenhouse conditions used would not allow the development of such symptoms. The other is that the shallot variety used in these experiments (a seed-propagated variety, different from the bulbpropagated ones in which the disease is described) may not be conducive to symptoms.
In the HTS analysis, the novel carlavirus ShVS was detected in three symptomatic samples as well as in an asymptomatic one, suggesting that as for other shallot infecting carlaviruses, its infection is latent. This hypothesis is confirmed by the finding that the virus was equally distributed between symptomatic and asymptomatic plants in the correlation study. Our results do not allow us to conclude regarding a potential synergistic effect of ShVS with SMYSaV infection, as shown for SLV and GarCLV with potyviruses [2] . Overall, the very tight correlation between SMYSaV infection and the SMYSD symptoms support the notion of an association if not a causal role for SMYSaV, but further experiments are necessary to unambiguously demonstrate it and to explore potential synergistic effects with other co-infecting viruses.
